I. Introduction
Recently Deaton and Muellbauer (1980a) have developed and estimated a demand system which they refer to as almost ideal (AIDS).' When their demand system was applied to annual British data from 1954 to 1974, Deaton and Muellbauer (1980a) found plausible structural parameter estimates and reasonable price and income elasticity estimates; however, homogeneity and symmetry restrictions were rejected. Based on these and other results they concluded that influences other than current prices and current total expenditure must be explicitly incorporated into the model to explain consumer behavior in a theoretically coherent and empiriReceived for publication November 9, 198 1. Revision accepted for publication November 12, 1982. 'United States Department of Agriculture, ERS: and University of California-Davis. respectively. This research was carried out under a cooperative agreement (~58-3523-0-0286X) with the United States Department of Agriculture and the Department of Agricultural Economics, University of California-Davis. A tremendous debt of gratitude is owed to Gordon King, Stanley Johnson and Sylvia Lane for useful comments and suggestions. Giannini Foundation Paper No. 67 1 ' The immodest title stems from the properties associated with their syatem. Deaton and Muellbauer (1980a, p. 312) list the following advantages of their system: ( I ) it gives an arbitrary first-order approximation to any demand system; (2) it satisfies the axioms of choice exactly; (3) it aggregates perfectly over consumers; (4) it has a functional form which is consistent with previous household-budget data; (5) it is simple to estimate (in the linear approximate form); and (6) it can be used to test for hornogencity and symmetry cally robust way. They suggest generalizing their static model by adding dynamic elements and including other factors to improve their original framework. Ray (1980) , in this Review, extended the AIDS by including family size and applying it to Indian budget data.
The purpose of this paper is to make the AIDS dynamic by incorporating habit effects after the manner of Pollak and Wales (1969) . By explicitly including t h s dynamic structure into the AIDS, the temporal relationships between price and income elasticity estimates can be examined. The homogeneity and symmetry restrictions which were rejected by Deaton and Muellbauer (1980a) are tested with the more dynamic generaked AIDS to determine if the exclusion of dynamic elements may have accounted for their result. The results indicate that habit formation is the reason for the autocorrelation found in the residuals of the demand equations.
The outline of the paper is as follows. In section 11, the almost ideal demand system is extended by explicitly including habit effects. The stochastic specifications together with the estimation procedures are then discussed. In section 111, the static and dynamic models are estimated for I I aggregate commodity and 4 food commodity classifications using annual United States data for years 1948 to 1978. The structural parameter estimates, price and income elasticity estimates, habit effects and the results from testing various restrictions by the likelihood ratio method are reported in this section. The results are compared with those obtained by others for similar commodity classifications. Conclusions following from the results of the application are given in the final section.
Model and Estimation Methods2
The AIDS, in budget share form, is given by where P is a price index defined by In P = a,, + Z h a k l n p, + 1/2Z,Zkyh,ln p,ln p, and p, is the price of thejth commodity and x is income (Deaton and Muellbauer (l980a) ).
To reflect persistences in consumption patterns the static AIDS was extended by specifying the a , to be linear functions of previous consumption levels. That is, This linear "habit" scheme follows the approach of Pollak and Wales (1969) and Manser (1976) . While this is admittedly ad hoc, it has frequently been used in empirical demand analyses. By substituting expression (2) into (I) we obtained what we refer to as the dynamic or "habit" version of the AIDS.
To estimate the dynamic AIDS an error term, c,,, is added to each equation. The stochastic assumptions' are that E(c,,) = 0 and E(c,c,,) = 6,,,0 where c, is an n x 1 vector and 6,,, the Kronecker product. That is, the error term is assumed to have expectation zero, to be temporally uncorrelated and have a contemporaneous variance-covariance matrix D Since the sum of the budget shares equals one, it follows that the contemporaneous covariance matrix is singular. If autocorrelation in the disturbances does not exist, Barten (1969) has shown that full information maximum likelihood estimates of the parameters can be obtained by arbitrarily deleting an equation. The resultant estimates are invariant with respect to the equation deleted. If, however, autocorrelation is present, i.e., for r = 2,. . . , T and where o 2 , .. , u, are independently, identically distributed normal random vectors with mean zero and contemporaneous covariance matrix 2 , then a result developed by Berndt and Savin (1975) can be used. The variables in the system can be replaced by their first-order transforms, i.e., if Y, is the orignal variable, then replace it by Y, -pY, , where p is the autocorrelation parameter. Assuming no autocor-'Although Deaton and Muellbauer d o not explicitly mention it, the AIDS is indirectly nonadditive unlike, for example, the linear expenditure system. Thus, the AIDS in addition to the listed desirable properties does not impose the severe substitution limitations implied by additive demand models. However, the almost ideal demand system does imply a money flexibility parameter of minus one. (See Blanciforti (1982) for a proof of this proposition.) This limits the applicability of parameters from the system for use in policy analysis when the money flexibility is not one, e.g., across different countries and income groups. relation across equations, i.e., R is diagonal, Berndt and Savin (1975) have shown that the autocorrelation coefficients for the equations must be identical. This condition holds any time the sum of the regressand across commodities equals the value of one of the regressors (in our case, Zw, = 1).
Given these stochastic assumptions, a program developed by Hall and Hall (1978) and discussed in Berndt et al. (1974) was used to obtain full information maximum likelihood estimators of the parameters of the system. For the I I-commodity case a simplification discussed by Deaton and Muellbauer (1980a) was made to obtain the parameter estimates. In equation (1) P was replaced by an index developed by Stone (1953) . The index is In P* = Zw,ln p,. If this is an adequate approximation to In P,then the AIDS can be estimated by ordinary least squares. This version, termed the linear approximate almost ideal demand system, was used for the I 1-commodity case. However, the full information maximum likelihood procedure was employed for the four-food commodity groups.
Empirical Results
Annual United States time series data for the years 1948 to 1978 were used to estimate the demand systems. For the 1 1-aggregate commodity classification, the commodities are food, alcohol and tobacco, clothing, housing, utilities, transportation, medical care, durable goods, other nondurable goods, other services and other miscellaneous goods. For a more complete description of the data, see Blanciforti (1982) . For the food subsystem the commodities are meats, fruits and vegetables, cereal and bakery products, and miscellaneous foods. A similar classification was used by Manser (1976) for a translog demand system.
I I -Commod~t.v Group Results
First, consider the empirical results for the I l-commodity grouping. The static model results will be summarized briefly while the dynamic model results are represented in table 1. For the static model, 9 of the 1 1 commodities are classified as necessities while 2, durab l eãnd other nondurables, are classified as luxuries. In the AIDS negative P,'s imply necessities while positive P,'s indicate luxuries since it can be shown by differentiating (1) that the income (total expenditure) elasticity for the AIDS is q, = 1 + P,/w,. Thus, since w, is positive a negative 8,implies that q, < 1 while a positive P, implies that q, > 1.
These results provide an interesting contrast with Deaton and Muellbauer's (1980a. p. 320 ) results for similar groups of commodities in Britain. In their study, six of eight commodities were classified as luxuries. Ten of eleven own-price elasticities are negative, while all Ray (1980) They are calculated at mean values ' Value, In p a r c n t h r e , are I-btatlstlcs but other nondurables are less than one in absolute value indicating price inelastic demands. Seven of the eleven income elasticities are greater in absolute value than their corresponding own-price elasticities. In Deaton and Muellbauer's (1980a) study all of the income elasticities were greater in absolute value than their corresponding own-price elasticities. Unlike with the additive linear expenditure system (LES) there does not appear to be an approximate proportional relationship between the own-price and income elasticities (see, e.g., Deaton (1975) for a more detailed discussion of this point).
The homogeneity condition was rejected for five of the commodities. An F-test was used to perform these tests, but an equivalent t-test could have been used to test Z,y,, = 0. Like Deaton and Muellbauer's (1980a) results, the Durbin-Watson values decreased in all the cases in which homogeneity was rejected. With respect to structural parameter and elasticity estimates, with and without the homogeneity condition imposed, the estimates are very similar. This is not surprising, since the homogeneity condition only imposes one additional restriction.
In table 1, results are reported for the dynamic or habit version of the linear approximate AIDS. The results should be interpreted with caution since lagged dependent variables are present as explanatory variables and it is well known that ordinary least squares estimates are biased and inconsistent under these conditions if autocorrelation is present. The Durbin-Watson values are generally higher than their associated counterparts in the static model; however, technically speaking the Durbin h-values are more meaningful in these situations. Although not reported here, the Durbin hvalues only indicate rejection of the assumption of zero correlation for one commodity group, utilities. Thus, these results are encouraging with respect to the confidence one can place in the estimates obtained from the dynamic model.
In general, the income and own-price elasticity estimates in the static and dynamic models are similar, but the estimated income elasticities are higher in 8 of 1 1 cases for the static model relative to the dynamic model when homogeneity is imposed. Likewise 8 of 11 ownprice elasticities are greater than or equal in absolute value in the static model compared to the dynamic model. One might be tempted to erroneously explain these empirical findings by concluding that when consumers develop a habit for a commodity that one would expect the consumer to be less responsive to changes in prices and income. However, in the above analysis, we are talking about the same time period with the elasticities computed at the same mean values.
Ten of the habit coefficients, a:*, are positive (table I), the only exception being for the commodity group, durable goods. Six of the estimated habit coefficients are statistically significant at the 5% level. Thus, there appears to be strong persistences in consumption patterns. Using a similar classification of commodities, Phlips (1972) estimated a dynamic linear expenditure model incorporating the Houthakker and Taylor (1970) state variable concept for habits. He found that 10 of 11 goods were habit forming. The only exception was for automobiles and parts. He also inferred (1972, p. 454) that this illustrated the pervasiveness of habit formation.
The homogeneity restriction, conditional upon consumption levels in the previous time period, was rejected in 5 of the 11 cases. This number is the same as that in the static model with a slight difference in the commodities for which homogeneity was rejected. The Durbin-Watson values were almost always higher in the dynamic model, indicating that the habit coefficients may be picking up the serial correlation effects. But the introduction of a dynamic habit term does not appear to reverse the number of cases in which homogeneity is rejected.
Food Commodity Results
The conclusions drawn from the four food commodity classifications are more interesting from an econometric viewpoint since full information maximum likelihood estimates of the parameters of the systems are obtained. From an economic viewpoint the food demand system can be thought of as the second stage in a two-stage budgeting process. A necessary and sufficient condition for the second stage of a two-stage budgeting procedure is that of weak separability (see, e.g., Deaton and Muellbauer (1980b, pp. 123-124) ). Thus, for example, if the linear expenditure system were used in the first stage for broad groups of commodities like food, clothing, etc., then in the second stage one could concentrate on commodities within, say, the food group. The quantities purchased can be expressed as a function of total expenditures on food and prices within the food group.
The elasticities estimated for the dynamic almost ideal demand system for the food groups are reported in table 2. All of the income elasticities are positive and all of the own-price elasticities are negative as expected.
Meats, fruits and vegetables, and cereal and bakery products are relative necessities for the dynamic model with the autocorrelation parameter unconstrained. The estimates are comparable to those obtained by Manser (1976) for four food groups with the indirect translog system with habits. For example, her estimated income elasticities are as follows: meats (1.11 vs. our 1.15); produce (0.29 vs. our 0.61); cereals (0.18 vs. our 0.32); and miscellaneous (1.65 vs. our 1.35). Note that these elasticities are with respect to total food expenditures and not total expenditures. Rough estimates of the latter can be obtained from the formula q i r = q,yF . q F y where q,y denotes total income elasticity for the iLhfood type, q,yF represents the elasticity of the i t h food item with respect to total food expenditures and q F r denotes the income elasticity of food with respect to total expenditures or income (see, e.g., Manser (1976, p. 887) ). For meats, for example, the dynamic linear expenditure system in budget share form was estimated in stage one and q F V= 0.59. Thus, the total expenditures elasticity for meats is roughly estimated to be (0.59)(1.15) = 0.68 taking the value 1.15 from the dynamic model with p f 0.
Although not reported here, the estimated structural parameters and elasticities differ greatly between the dynamic and static models for the food groups. Differences in the estimates for the static model with the autocorrelation parameter constrained to zero from the estimates of the dynamic model with the autocorrelation parameter constrained to zero are large. Differences in the estimates for the static model with the autocorrelation parameter unconstrained from the dynamic model with the autocorrelation parameter constrained to zero are relatively small. Likewise, the differences in the estimates for the dynamic model with p set equal to zero from the dynamic model with p * 0 are small. It appears that if autocorrelation reflects a misspecification of the model, then the inclusion of habit effects corrects for most of this error.
With respect to testing for restrictions in the models, the likelihood ratio test procedure was used. Minus two times the ratio of the log likelihood functions, i.e., -2 1n A , can be shown to be asymptotically distributed as a chi-squared variable with degrees of freedom equal to the number of restrictions (see, e.g., Theil (1971) This value is much greater than xi,,, = 7.81. Thus, persistences in consumption patterns for food items are strongly present in the AIDS.
IV. Conclusions
The empirical results indicate the presence of habits or persistences in consumption behavior patterns of consumers when the AIDS is used as the maintained hypothesis. Autocorrelation was also found to have a large impact on elasticity estimates in the AIDS. The approximate proportionality relationship that exists for the additive LES was not found to exist for the more flexible AIDS. Thus, the almost ideal demand system incorporating habits and allowing for autocorrelation appears to be a more viable demand system to use in modeling consumer behavior.
